As the global environment is getting more competitive, sustainability is increasingly becoming an important assessment tool. An exponential distribution stochastic model is developed for the purpose of assessing and measuring the sustainability of healthcare system. The aim of this study is to provide a sustainability measuring model that is driven by the actual distribution status of the sustainability indicators. In this paper, the notions of the "Triple Bottom Line" (TBL) are followed in deriving the sustainability challenge and capacity indicators for the environmental, social, and economic indicators. Since basic challenges and capacities depend on the modes of the organization, the study proposes an exponentially distributed stochastic model for measuring sustainability. A numerical illustration of Iranian healthcare is presented to demonstrate the efficiency of the proposed model. In the results obtained, sustainability index for environmental, economic, and social are 54.40%, 48.80%, and 66.80% respectively. It indicates the healthcare achieved some sustainability through the social aspect; therefore, improving the environmental and economic aspect of the TBL is necessary. The proposed model can be used as a panoramic tool for effective measurement of the sustainability level of any healthcare system.
Introduction
The concepts of sustainability have gained wider applications within concerted efforts geared toward maintaining the balance between the depletion of resources in such a way that the coming generations can benefit from the resources. Sustainability is a developmental strategy necessary for meeting the needs of the present users without jeopardizing the opportunity of future generations to meet their needs [1] . Many studies have been conducted on how to assess, appraise, and evaluate the sustainability of corporations by combining the economic, social, and environmental aspects of human life [2] [3] [4] [5] . As it stands today, top managers and researchers are duty-bound to constantly appraise, assess, and evaluate their corporate's sustainability performance. Most times, constant re-appraisal of the sustainability scores would better reposition the corporation strategically so as to contribute immensely and meaningfully to the environmental and social issues of their hosts [6] . The concept of sustainability can also serve as a means of measuring the performance of a country [6, 7] . It may be recalled that sustainability involves finding balance between the depletion and conservation of resources. It is the level of the resources (natural, environment, and capital) the previous generation is bequeathing to the coming generations; however, losses in some natural resources are enviable [8] . Some researchers have argued on the belief that losses in the natural resources can be compensated for through increased capital. Others maintained the belief that capital cannot be substituted for resources. In this regard, Process (ANP). Invariably, SUST Health is structured and applicable to standardized situations in the healthcare system and has been recognized internationally for aligning either directly or indirectly to sustainable development initiatives.
A similar perspective for developing indicators for the sustainability criteria through Specific, Measurable, Assignable, Realistic, and Time-based (SMART) has been applied [27] . The selection of sustainability factors for a particular healthcare system must satisfy some conditions, such as: (i) must be homogeneous, (ii) non-dimensional, and (iii) with the tendency to possess equal weight. In addition to these conditions, the indicators must equally be related to sustainability TBL issues surrounding the particular healthcare system. A very important attribute is the reduction of assumptions for the selection of indicators; choice of any indicators is based and justified by appropriate and realistic rationales, fathomable within the prevailing dynamics of the system. This should not be confused with "smart city healthcare system". The "smart city" attached to the healthcare was merely used to describe a healthcare system where artificial intelligence, big data, decision making, information and communication technology (ICT) , and the internet-of-things (IoT) are the hallmark [20] . Furthermore, a smart city would possess the ability to tap various information and communication technology (ICT) techniques available to find solution to some sundry problems in governance, environment, economy, healthcare, and the society at large. It must also have the propensity to enhance the quality of life of everyone living therein and should be capable of adapting computational intelligence through appropriate mathematical models to deal with real-life problems [28] .
Another similar smart health study was conducted on knowledge management in healthcare sustainability of traditional Chinese diets. A knowledge graph was designed to incorporate healthy diet information on the internet with a semantic retrieval system. This system aided learning and tilted the populace toward having a balanced diet [29] . This study adapted SMART due to the fact that it allows sustainability analysis to be based on the prevailing situations in a particular healthcare system irrespective of their former sustainability status. Mainly, it attempts to leverage on some of the protocols, especially the aspect of utilizing verified indicators. The study advocates the utilization of the prevailing sustainability indicators in a particular healthcare system to determine the sustainability index of that particular healthcare system. The effort now is focused on the utilization of the real statistical distribution of the identified indicators for the analysis. The study proposes an exponential distribution model for measuring the sustainability index of a healthcare system. Unlike the previous methods, where the dimension of the indicators was used, functionality and adequacy of these indicators are employed for this study. Moreover, the focus of this study traverses beyond the healthcare buildings and other construction works. It holistically considers the sustainability of a healthcare system as a way of evaluating the perceptions of the users (patients), medical personnel, infrastructure, and other stakeholders.
Sustainability and sustainable development procedures have been given high priority by most scientists, government, industry, and even the public through to the wide application of the TBL indicators of social, environmental, and economic [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] . However, little literature is available on how to measure the sustainability of healthcare systems using the actual statistical distribution of the data. For a system to reach its sustainability index, there must be a decrease in the challenge factor and an increase in the capacity factor. In other words, the challenge must not exceed capacity. For measuring sustainability, both capacity and challenge indicators are random variables implying that their respective cumulative density function can be used [39] . By assuming a normal distribution for both capacity and challenge factors, taking µ c , µ h as the mean of capacity and challenge factors respectively, σ 2 c , σ 2 h are the respective variance of capacity and challenge factors, ϕ is the probability that one normal standard random variable (Z) will be smaller than one specific value (z) of that variable, and sustainability can be expressed as Equation (1)
(1) However, sustainability assessment has been evaluated based other statistical distributions, either in discrete or continuous mode. These statistical distributions include binomial, Poisson, geometric, negative binomial, exponential, uniform, normal, log-normal, and gamma. Among these distributions, exponential distribution is of interest to this study due to its many advantages. Some of these unique advantages include: (i) existing within the continuous probability distribution domain with constant failure rate (lambda) suitable for analyzing real-life situations, and (ii) possessing a constant response time and forming a veritable tool for predicting the mean time of the variables.
The study aims to examine an exponential distribution approach for measuring the sustainability of a service-oriented organization over time from their exponentially distributed indicators. We anticipate contributing to the existing literature as follows: (i) measuring the appropriate and adequate sustainability value of the healthcare system that is based on the actual statistical distribution of its sustainability factors, (ii) providing a panoramic tool for appraising, assessing, and measuring the sustainability effectiveness of any other organizations with exponentially distributed indicators, (iii) providing leverage for comparing the sustainability issues of different companies functioning in the same or related sector, possessing the same indicators that are measured in the unit, and (iv) within known literature, there are little or no studies on the measurement of the sustainability value of organization using the actual statistical distribution of the indicators. Previous studies [24] were based on the basic assumption of the normal distribution; hence, this study will empirically adopt and validate an exponential distributed probabilistic approach for sustainability measurement. After the introduction presented in Section 1, the remainder of this article is structured as follows. Section 2 presents the materials and methods, where the proposed exponentially distributed sustainability model and the validation are explained. Section 3 presents the numerical illustration of the model, while results and discussions are presented in Section 4. Section 5 concludes the article.
Methods, Theoretical Considerations and Model Development

The Proposed Exponentially Distributed Sustainability Model
Sustainability is the probability of challenge is less than the healthcare system's capacity. Therefore, Equation (2) is used to express sustainability as follows:
where Sus is the sustainability of the healthcare system, H is the challenge factor, and C is the capacity factor of the company. Assuming that factors of capacity and challenge are exponentially distributed, then from Equation 2. probability density function can be modeled as in Equations (3) and (4);
Let Y = H − C Thus, Equation (5) 
Case (ii) y > 0; the Cumulative Density Function (CDF) can also be expressed in Equation (6),
Exponential random variable involves the time of an event and time between two events. In the case of time of an event, sustainability is measured based on "challenge cannot surpass capacity" given in Equation (5) . Similarly, for the second case, time between two events, sustainability is profiled on "capacity cannot surpass challenge", also given in Equation (6) For instance, for the first case time of an event, if the capacity is defined as time of staff training, then the increase in time spent (hours or days of the training) for the training must increase. In this instance, Equation (5) is employed to determine the sustainability. Similarly, for the second case, time between two events, if challenge is defined as time between two complaints, then the decrease in time interval at which at least two complaints are reported must decrease (lower rate of complaint). In this situation, Equation (6) is used to measure the sustainability of the system. For this present work, the indicators are measured as the time the particular event took place. Hence, Equation (5) is employed to measure the sustainability of the healthcare system. Wherever indicators with time between two events are encountered, the condition of such an indicator is reversed and Eq. 5 is applied to calculate its sustainability.
By differentiating Equations (5) and (6) with respect to y, Equation (7) is obtained as;
Equation (8) is the probability density function with parameters λ 1 and λ 2 The parameters for determining the exponential distribution are estimated from the number of observations n using Equations (9)- (15) as follows;
Probability density function of exponential distribution, f(X = x) = λe −λx (14) Therefore, expected frequency o i for ith interval = n upper bound lower bound
Exponential Distribution Validation (Hypothesis Testing Procedure)
A well-defined problem is characterized by detailed conditions of its relationship with various terms. Most often, such a detailed and structured problem is not readily defined, therefore, in such cases the assumption of some terms is necessary whenever a solution is anticipated. An explicit assumption, where other experts can ask questions and also contribute comments, is always preferred. This study assumed that both challenge and capacity factors are exponentially distributed. To check the validity of this assumption, Chi-Squared goodness of fit test is adopted. The process of checking and validating has been summarized in five steps [40] :
Step 1: State the null H 0 , and alternative H 1 , hypothesis
Step 2: Choose an appropriate value of the level of significance, α (standard value for α = 0.05)
Step 3: In Equation (16), the appropriate statistic:
Calculate the statistic and show the critical region
Step 4: Reject H 0 if the value of the statistic is in the critical region otherwise fail to reject H 0
Step 5: Draw the conclusion Hence, H 0 = distribution of the value of the indicator is exponential H 1 = distribution of the value of the indicator is not exponential
Numerical Illustration
A numerical illustration of the proposed model is conducted using the TBL indicators of the General Hospital in Tehran. The hospital is the biggest Government hospital located within the heart of the over 10,000,000 populated capital city of Iran. The hospital is organized into various wards, namely male, female, accident and emergency, surgical, children, and maternity. The male and female ward can accommodate 60 patients each, maternity 30 patients, surgical ward 20 patients, children's ward 80, and accident and emergency only 15 patients. The challenge and capacity criteria based on the triple bottom line adapted from the SUST health tool [26] are presented in Table 1 . Similarly, challenge and capacity indicators with the rationales determined according to SMART logic [27] are presented in Tables 2-4 . For this case study, the indicators were measured in a unit of time; therefore, Sustainability 2019, 11, 1285 7 of 16 the ability to achieve a specific factor in less time determines the capacity of the hospital and those factors that are achieved in more time constitute the challenge factors. Various data collated for the estimation of these results have been attached as a supplementary file in MS Excel format. Working hours is adopted as the unit of measurement. Having strictly adhered to the conventional guidelines provided by SUST Health as given in Tables 1-4 presents the sustainability indicators (challenge and capacity) for the TBL with their rationales coined according to SMART and based on the prevailing situations at the healthcare system. 
Sustainability Criteria Rationale Economic Sustainability Capacity
The average time interval between diagnosis and procurement of prescribed medications prior to treatment by the patient.
Temporary pause in the treatment due to the waiting time between purchasing and dispensing of classified drugs or related medications. The hospital has the capacity to re-strategize in a timely way to reorganize health personnel to brief-up the shortages of personnel in case of industrial action.
The society is prone to infection or communicable diseases. Timely intervention on the part of the healthcare practitioners in term of their ability to respond swiftly is sacrosanct. Average time to take the vital signs of an in-patient.
This is an indication of normalcy in the patient prognosis. Average time for repairing faulty and malfunction information and communication technology (ICT) equipment.
Making all the ICT functional is a way to enhance the efficiency of the health personnel in all areas.
Average time taken to observe quality measure during and after a medical procedure. Good sanitation to rid tools of spills and contaminates before, during, and after a procedure and proper detailing of all tools are key ways of ensuring quality of service. Challenge Rationale Average time taken in extracting facts about the prognosis of an outpatient in an emergency situation.
Most of the time, patient relatives are usually in distress and despair about a case to an extent of withholding adequate information needed to commence treatment.
Average emergency time required to invite a specialist to attend to patients in a special case and time required to refer to another health facility.
The hospital does not have specialists for some classified treatments. Specialists might be engaged or indisposed or reluctant. Most times, other health facilities are occupied, so patients have to queue up. Average time taken to profile a new patient.
Inability to profile a patient on time could lead to the delay in discharging the treatment. Average time to take the vital signs of an out-patient.
Out-patients most times do not present themselves for monitoring of vital signs.
Average time for admission and discharge. Lack of will and financial resources on the part of the patients could influence the admission and discharge times. 
Sustainability Criteria Rationale Environmental Sustainability Capacity
Average times that the patient can produce some consumables.
Some patients could deliberately delay purchasing of their treatment essentials while waiting for Government interventions. Average time for collecting and disposing of hazardous wastes.
Hazardous wastes have high impact on the environment and total wellbeing.
Timely supply of portable water to the hospital facility and the patients. Constant and timely portable water is necessary for enhancing the general well-being of the patients and for other sundry activities in the hospital. Functional gadgets are required for effective discharge of duties. Ambulance is capable to bring patient on referral to and fro the health facility within 10 minutes.
Ambulance services is most useful in the movement of patient to and fro their home to the hospital and also from the hospital to any referral center. Average time required between switching on alternative power supply whenever there is a power outage.
Switching on the alternative power source whenever there is an outage is important for continuous operation and could prevent pausing a procedure unduly. Average time taken between order and supply of consumables such as cotton wool, spirit, disinfectants, etc.
Hospital management especially in terms of contract for supplies most time are prone to strict administrative bureaucracy which usually delay the supply of the mentioned consumables. Average time required to outsource for bed spaces and bedding materials during an outbreak of diseases.
Getting adequate space and bedding materials to cope with high number of patients during emergency or during outbreak is usually a task for the hospital management.
Average time for maintenance of all alternative power sources.
Bureaucracy within the system could lead to delay of turn-around maintenance and the delivery of some services.
Limited time for producing and delivery hot water to patients. Cost of electricity and lack of alternative power source could lead to rationing of hot water to the wards for the use of the patients and other stakeholders.
Source: [Authors]. Table 4 . Identified Social indicators and rationales for the TBL of the Iranian General hospital determined according to SMART logic.
Sustainability Criteria Rationale Social Sustainability
Capacity
The hospital has the capacity to receive drugs and material supply from the supplier quarterly Building confidence between suppliers and the hospital will enhance the relationship between them Average time for ward-round Adequate ward round session by the health practitioners will improve patient's confidence Average time turn-around maintenance on the ceiling fan and air conditioners at the wards for the indoor air quality is conducted.
Functional air conditioners and ceiling fans are necessary for comfort within the Hospital facility.
Timely and routine checks on all the security gadgets to ensure safety and security of the hospital. Adequate security of people and properties is the most important confidence building measure between patients and patient relatives and the Hospital Management. Timely seminars, workshops and public enlightenment programs in schools to sensitize the public about their health status.
Challenge Rationale Average time between prescription by the doctor and dispensing of the drugs/materials at the pharmacy.
Most patients' relatives prefer to purchase their medication outside the hospitals' pharmacy.
Average time taken for an in-patient to receive the prescribed drugs/material at the Pharmacy. Long queue at the pharmacy could lead to delay in delivery of medications. Average time taken for an out-patient to receive the prescribed drugs/material at the Pharmacy. Queuing could be an issue that could lead to discomfort among patients. Average time required to place order and to receive supply of essential drugs for the continuation of the patient's management.
The hospital does not stock some classified medications. Placing orders for them could lead to delay in treatment. Inadequate time of in-service courier officers to take consignments to and from various remote departments.
Some in-service courier officers could be aggressive in the way they address or attend to the patients' relatives.
Source: [Authors]. Tables 5-10 . Figures 1-6 shows the position of the significant χ 2 on the exponential distribution curve for each TBL. The χ 2 obtained for all the indicators did not fall within the critical region, therefore we failed to reject H o and accepted that all the indicators are exponentially distributed. For the economic bottom line (Tables 5 and 6 (Figures 1 and 2 ). We failed to reject H o and concluded that the distribution of the value of the capacity and challenge indicators for economic sustainability bottom line is exponentially distributed. Similarly, for the environmental bottom line, as shown in Tables 7 and 8 Figures 3 and 4) ; thus, we failed to reject H o and agreed that the distribution of value of the capacity and challenge indicators for the environmental sustainability bottom line are exponentially distributed. In a similar way, the social bottom line as presented in Tables 9 and 10 Figures 5 and 6 ), we equally failed to reject H o and concluded that the distribution of values of the capacity and challenge indicators for social sustainability bottom line are exponentially distributed. This validation can also be done through the p-values. The p-value is the smallest amount of probability indicating the rejection of Ho. Therefore, if p-value is greater than α (p-value > α), then we shall fail to reject H o . In this case study, the p-values of all the criteria and indicators are greater than α (p-value > α), and we hereby conclude that all the indicators are exponentially distributed. Figure 1 . . , distribution curve of capacity factor for economic sustainability (P-value= 0.35) Table 7 . Exponential distribution statistics of capacity factor for environmental sustainability. Figure 3 . . , distribution curve of capacity factor for Environmental sustainability (P-value= 0.58) Table 9 . Exponential distribution statistics of the capacity factor for social sustainability. Utilizing the indicators in Tables 2-5 and Equation (5), the sustainability of the hospital for one operating year (2016) was obtained according to Equation (8) Utilizing the indicators in Tables 2-5 and Equation (5), the sustainability of the hospital for one operating year (2016) was obtained according to Equation (8) as Similarly, 54.40% and 48.80% are obtained for environmental and economic sustainability, respectively. This indicates that social sustainability of the hospital is the only macro-area that provided the most acceptable output. This could be as a result of the firm managerial know-how and good policy implementation. These must have been well managed and executed by all the stakeholders against all constraints imposed by the inadequacies of some of the indicators. More so, some other factors that have to do with the delivery, distribution of drugs, services, and some essential products also contributed to the average sustainability scores obtained. The outcome corroborates similar results [41] [42] [43] . Although the environmental sustainability index of 54.40% is abound the threshold, this is still unacceptable considering the critical nature of the healthcare system. The reason for this unsatisfactory result could be attributed to that fact that the hospital was not established with the aim of enhancing the environmental content of its operations. The concerns of the stakeholders as at the time of designing the hospital focused on rendering social and welfare needs and services to the citizen. Economic sustainability of 48.80% is considered low and unsatisfactory. This low output could be a result of the constraints imposed on the stakeholders in terms of the operational decision making. For instance, stakeholders are constrained within the limit of the current design of the environment and economic situations. For example, incessant power failure without an adequate alternative power source would reduce the public perception of the healthcare unit and also render the medical personnel redundant and ineffective. Also, lack of replacement of the faulty lighting bulbs or lights at some strategic places could reduce the public confidence. The inadequacies of the healthcare practitioners could be a result of malfunctioning essential equipment, poor environmental issues (poor office space, facility, etc.), and lack of adequate and state of the art equipment that could ease some operational services. Figure 7 revealed the magnitude of each of the TBL within the healthcare unit. For the healthcare to achieve adequate sustainability status, efforts should be made to improve the economic aspect of the hospital on a macro-scale.
Results and Discussion
Exponential distribution validation results are presented in
system. The reason for this unsatisfactory result could be attributed to that fact that the hospital was not established with the aim of enhancing the environmental content of its operations. The concerns of the stakeholders as at the time of designing the hospital focused on rendering social and welfare needs and services to the citizen. Economic sustainability of 48.80% is considered low and unsatisfactory. This low output could be a result of the constraints imposed on the stakeholders in terms of the operational decision making. For instance, stakeholders are constrained within the limit of the current design of the environment and economic situations. For example, incessant power failure without an adequate alternative power source would reduce the public perception of the healthcare unit and also render the medical personnel redundant and ineffective. Also, lack of replacement of the faulty lighting bulbs or lights at some strategic places could reduce the public confidence. The inadequacies of the healthcare practitioners could be a result of malfunctioning essential equipment, poor environmental issues (poor office space, facility, etc.), and lack of adequate and state of the art equipment that could ease some operational services. Figure 7 revealed the magnitude of each of the TBL within the healthcare unit. For the healthcare to achieve adequate sustainability status, efforts should be made to improve the economic aspect of the hospital on a macro-scale. Generally, the healthcare unit can improve the sustainability score if efforts toward reducing the challenges or by increasing the capacity are intensified. Even just a slight change in any of these factors, as the case may be, could improve the score greatly, thereby enhancing the evaluation of all other possible strategies including a cost-benefit analysis. Generally, the healthcare unit can improve the sustainability score if efforts toward reducing the challenges or by increasing the capacity are intensified. Even just a slight change in any of these factors, as the case may be, could improve the score greatly, thereby enhancing the evaluation of all other possible strategies including a cost-benefit analysis.
Conclusions
The implementation of the concept of sustainability has been widely recognized to be cumbersome in real time. This includes difficulties experienced in measuring and monitoring the sustainability level of a healthcare system. For measuring empirically the sustainability of n healthcare system, an exponentially distributed stochastic model is proposed in this study. In order to illustrate the effectiveness of the proposed model, a numerical case study of real data collated from an Iranian healthcare center is employed. The study, therefore, provides these contributions to the literature;
• A simple and specific statistical distribution validation framework for assessing and measuring sustainability. This study explicitly adopted an exponential distributed probabilistic approach to sustainability measurement.
•
The proposed model could be used as a panoramic tool for measuring sustainability effectiveness in any other organizations with exponentially distributed indicators.
Provided criteria and indicators are related and measured in the same unit, the proposed sustainability model would offer more opportunities and avenues for comparing the sustainability of different companies functioning in the same or related sectors.
For emphasis, the study did not address the impact of the environmental aspect of sustainability on the system or its surroundings, as advocated in other previously used models. Rather, it strongly recommends and emphasizes the need to always drive the measurement of sustainability index of healthcare with the actual statistical distribution of the sustainability indicators. However, since the study is premised on the positive and adequate perception of the users (patients and personnel) there is the need to further study how the indicated sustainability index would influence various business practices within the healthcare system. In another way, further works could be on the application of multivariate regression techniques to determine how each indicator contributes to variations in the sustainability index.
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